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According to a first embodiment of the mnvention, a first and
second reticle are used to form layers using a photolitho-
graphic process. The first and second reticles each include a
grating positioned so that when the reticles are printed, the
two gratings will at least partially overlap each other. The
two gratings produce an interference pattern, which 1s used
to measure overlay error.
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METHOD AND APPARATUS FOR
MEASURING ALIGNMENT OF LAYERS IN
PHOTOLITHOGRAPHIC PROCESSES

FIELD OF THE INVENTION

The invention generally relates to semiconductor process-

ing, and specifically to techniques for measuring alignment
of different layers produced during a photolithographic
process.

BACKGROUND

Integrated circuits (ICs) are becoming smaller and more
poweriul. As ICs become smaller, the location and align-
ment of features on the 1Cs becomes more critical. Features,
such as transistors and diodes, are created on semiconductor
substrates using a process known as photolithography. Pho-
tolithography uses optics to define the features on the
substrate. A feature may be drawn on a reticle, or mask, and
light 1s shown through the mask so as to project the feature
onto a layer of photoresist on the substrate. Photoresist 1s a
light sensitive film that either becomes soluble or mnsoluble
when exposed to light. After the layer of photoresist has
been exposed to light, the soluble portion can be removed,
typically by immersion i a developer solution. Other pro-
cessing techniques, such as etching or annealing, may be
performed to the underlying substrate that has been exposed
as a result of the photolithography.

To form complex features 1 an IC, several layers of
processing need to be completed. For example, to form a
metal oxide semiconductor (MOS) transistor, a source and
drain may be formed 1n the substrate using 10on implantation.
In another region of the substrate, a gate may be formed by
depositing films over the entire substrate and removing the
unwanted portions of the film. The gate may comprise
portions of several film layers.

One reticle or mask may be used to pattern each layer.
When more than one reticle 1s used, the reticles must be
aligned properly so that each layer i1s aligned within a
window of tolerance relative to the substrate and the other
layers. For example, 11 the source and drain are created
during one process, and the gate during another, and the gate
overlies the source, the device will be non-functional. There-
fore, proper alignment of the various layers used to construct
the device 1s critical. Typical semiconductor devices now
being made require alignments within a tolerance of a few
tens ol nanometers (nm).

FIG. 1 illustrates typical alignment marks used on con-
ventional reticles. The alignment marks 100 are printed on
an edge of the printed field during photolithography. A
printed field 1s a portion of a substrate that typically gener-
ates one or more ICs. The alignment marks comprise two
boxes 102 and 104, each comprising several bars 102a-d and
104a-d. Each of the bars 102a-d and 104a-d 1s typically one
to two microns wide.

“Overlay” 1s a term referring to the alignment error
between the layers as show 1n FIG. 1. I the two reticle prints
were perfectly aligned, the overlay would be zero, and the
centers of the boxes 102 and 104 would overlap pertfectly. As
shown 1n FIG. 1, the boxes 102 and 104 are not perfectly
aligned and therefore have a non-zero overlay. The overlay
1s typically measured in two dimensions. The overlay along
the x-axis can be determined by measuring the distance
between two lines 106 and 108. The line 106 represents the
centerline (1.e. average position) of bars 104¢ and 1044
along the x-axis and the line 108 represents the centerline of
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bars 102¢ and 1024 along the x-axis. Likewise, for the
y-axis, the lines 110 and 112 represent the centerlines of bars
104a and 1045, and 102q and 1025, along the y-axis.

The alignment marks 100 are typically inspected using a
microscope. The microscope includes a charge coupled
device (CCD) to record the image of the alignment marks
100. Conventional CCDs may include an array of pixels that
are typically 80-100 nanometers wide. Typical overlay
errors that would affect some of these semiconductor pro-
cesses are on the order of a few tens of nanometers. Due to
the fact that the CCD pixel size 1s much larger than the
desired level of accuracy, sub-pixel interpolation 1s required.
Ultimately, the accuracy of this technique 1s limited by the
fact that only a relatively small number of pixels are used to
detect the overlay error. This, 1n combination with quanti-
zation ellects arising from the large pixel size relative to the
overlay error, may 1ntroduce errors in the overlay measure-
ment. The mmpact of measurement error becomes more
significant when the size of the pertinent features becomes
smaller.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments of the present invention are
illustrated by way of example and not limitation in the
figures of the accompanying drawings, in which like refer-
ences 1ndicate similar elements and in which:

FIG. 1 illustrates typical alignment marks used on con-
ventional reticles:

FIG. 2A illustrates an apparatus for printing semiconduc-
tor features on a semiconductor substrate:

FI1G. 2B 1illustrates an overhead view of a reticle;

FIGS. 3A, B, C, D, and E 1illustrate gratings and an
interference pattern;

FIGS. 4A, B, and C 1illustrate using reference marks to
determine the shift in the center of the interference pattern;

FIG. 5 1s a flow chart describing a process for producing
the 1nterference pattern;

FIGS. 6 A, B, and C illustrate a technique for determining,
an overlay from an interference pattern;

FIG. 7 illustrates a graph that shows the periodic nature of
measured overlay errors; and

FIGS. 8A, B, C, and D 1illustrate an alternative embodi-
ment of the mvention using alternative gratings.

DETAILED DESCRIPTION

Described herein 1s a Method and Apparatus for Measur-
ing Alignment of Layers in Photolithographic Processes.
Note that 1in this description, references to “one embodi-
ment” or “an embodiment” mean that the feature being
referred to 1s included 1n at least one embodiment of the
present 1nvention. Further, separate references to “one
embodiment” or “an embodiment™ 1n this description do not
necessarily refer to the same embodiment; however, such
embodiments are also not mutually exclusive unless so
stated, and except as will be readily apparent to those skilled
in the art from the description. For example, a feature,
structure, act, etc. described in one embodiment may also be
included 1n other embodiments. Thus, the present mnvention
can 1nclude a variety of combinations and/or integrations of
the embodiments described herein.

According to an embodiment of the invention, a {first
reticle including a first grating, and a second reticle includ-
ing a second grating are used to form two layers of an
integrated circuit (IC) or other semiconductor device. The

first grating and the second grating are positioned so that
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when both reticles have been exposed to light during the
photolithographic process, an interference pattern 1s pro-
duced on the substrate. The interference pattern may be a
Moire interference pattern. Adjacent to the interference
pattern, a reference mark 1s printed on the substrate. The
reference mark can be used to measure a shift in the peaks
of the interference pattern. The interference pattern shiits by
an amount dependent on the degree of mis-alignment
between the reticles (1.e. the overlay) and pitch of the
gratings. The shift in the interference pattern 1s equal to the
overlay multiplied by an amplification factor, which makes
measurement of small overlay easier. The amplification
tactor, as well as the periodicity of the interference pattern
1s dependent on the pitch and duty cycle of the gratings. Due
to the amplification, an overlay error may be amplified by
ten times or more, making the error easier to detect and
measure. As a result, the detection of overlay 1s more
accurate and less reliant on interpolation and quantization.

FI1G. 2A illustrates an apparatus for printing semiconduc-
tor features on a semiconductor substrate. The apparatus 200
includes a light source 202, optics 204, a reticle 206, and a
substrate 208. The light source 202 may be any appropriate
light source, such as an excimer laser or Mercury arc lamp.
The optics 204 may include several lenses and or mirrors,
and may focus or collimate the light through the reticle 206.

FIG. 2B 1illustrates an overhead view of the reticle 206.
The reticle 206 includes an active field 210. The active field
210 defines the features on the substrate 208. When light 1s
projected through the active field 210, part of the light 1s
masked ofl, exposing only the desired portions of a layer of
photoresist 212 to the light. Depending on the type of
photoresist 212 used, the exposed portions may then be
removed. The now-exposed portions of the substrate 208 can
then be process using other techniques, such as 10n implan-
tation, annealing, etching, etc. For example, the photoresist
212 may be deposited over a layer of silicon dioxide. If the
process requires that only a portion of the layer of silicon
dioxide 1s retained, the mask can expose the photoresist 212
such that the photoresist 212 remains only where the silicon
dioxide should remain. The exposed silicon dioxide can then
be etched and removed.

According to an embodiment of the invention, the reticle
206 includes two other patterns that are gratings 214 and
216. The gratings are positioned so that alignment can be
measured 1 both the x- and y-axes. According to an
embodiment of the invention, gratings such as the gratings
214 and 216 may be positioned at each corner (in the
scribeline) as well as 1 the center of the reticle 206.
However, only the two gratings 214 and 216 are shown for
clanity. The gratings 214 and 216 are located outside of the
active field 210 and may have a reference mark located
adjacent so that overlay can be measured.

When the reticle 206 1s printed, the gratings 214 and 216
are printed onto the substrate 208. When another reticle 1s
printed, complementary grating patterns are printed so that
they at least partially overlap the previously printed grating
patterns. This produces an interference pattern on the sub-
strate 208. As will be explamned below, the interference
pattern can be used to measure the overlay. Since the
gratings 214 and 216 are printed using the same light that
prints the active field 210, the interference pattern retlects

any misalignment of the features printed in the active field
210.

FIGS. 3A, B, C, D, and E 1illustrate gratings and an
interference pattern. FI1G. 3 A illustrates a first grating 302 on
a first reticle. The first reticle 1s used to define a first layer
of features on the substrate 208. FIG. 3B illustrates a grating
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304 on a second reticle. The second reticle 1s used to define
a second layer of features over the first layer. The first
grating 302 in the first reticle 1s positioned and patterned so
that i1t partially overlaps with the grating 304 in the second
reticle when the reticles are printed. According to one
embodiment, the two gratings 302 and 304 have each have
different pitches such that when they are printed 1n the same
arca ol the substrate 208, they will interfere, producing a
Moire interference pattern. The interference pattern can be
used to determine the alignment of the two layers formed
using the reticles.

The first grating 302 includes several opemings. The pitch
of the grating 302 1s defined as the width of one area of light
and one area of dark. In other words, the pitch of the gratings
1s the distance from a front edge of one opening to a front
edge of the next opening. Typical pitches may be in the
100-500 nanometer (nm) range. The duty cycle of the
grating 1s defined as the amount of light area compared to the
amount of dark area 1n the pitch. For example, a fifty percent
duty cycle would have equal areas of dark and light.

FIGS. 3D and 3E illustrate two sets of gratings to produce
a first interference pattern and a second interference pattern.
The second interference pattern 1s used to measure a shiit n
the first interference pattern. FI1G. 3D 1llustrates the gratings
in the first reticle, and FIG. 3E illustrates the gratings in the
second reticle. The first grating 302 and a second grating 304
are used to produce the first interference pattern, and the
third grating 310 and a fourth grating 312 are used to
produce the second interference pattern. As will be
explained below, according to one embodiment, the pitches
of the gratings 302, 304, 310, and 312 are chosen so that one
interference pattern has a negative amplification and the
other interference pattern has a positive amplification.

The interference pattern 306 1s periodic. The peaks of the
interiference pattern 308 can be used to determine the shift in
the terference pattern or the overlay for the two reticles.
FIGS. 4A, B, and C illustrate using reference marks to
determine the shift in the center of the interference pattern.

FIG. 4A illustrates a fixed reference mark 402. The fixed
reference mark 1s printed on one of the two reticles. The
peaks 308 of the interference pattern 306 are measured
relative to the hash marks 404 of the reterence mark 402.
The shift i the peaks 308 of the interference pattern 1s an
amplification of the actual overlay. The measured diflerence
406 between the peaks 308 and the reference marks 304 are
a measurement of the amplified overlay. The amplification
of the interference pattern 306 1s given by the following
equation:

A= 5!
g2 — K1

(1)

where g, 1s the pitch of the first grating 302 in the first
reticle, and g, 1s the pitch of the second grating 304 1n the
second reticle. The actual overlay can be determined from
the observed shift in the mterference pattern 406 using the
following equation:

AX=Ax*A (2)

where AX i1s the observed shift 406, and Ax 1s the actual
overlay.

FIGS. 4B and 4C 1illustrate using a second reference
interference pattern 408 as a reference mark rather than a
fixed reference mark. According to a second embodiment of
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the invention, a second interference pattern 408 may be
printed adjacent to the first interference pattern 306 and be
used as a reference mark. For example, as explained above,
the first reference pattern 306 may be generated using the
gratings 302 and 304, and the second interference pattern
may be generated using the gratings 310 and 312. The
grating pitches may be chosen such that one pair of gratings
has a positive amplification, while the other pair has a
negative amplification. With this configuration, the resulting,
adjacent interference patterns will move away from each
other (e.g., as in FIGS. 4B-C, one Iringe pattern moves in the
positive direction while the other moves 1n the negative
direction).

In this structure, the total amplification of the overlay
determined by measuring the position of one interference
pattern 306 relative to the other 408 1s the diflerence of the
amplifications of the two grating pairs, as shown 1n Equation

(3):

(3)

g1 g3 )

Amm! — ( ) — (
g2 — &1 g4 — &3

where g, 1s the pitch of the first reference grating 310,
adjacent to the first grating 302 and g, 1s the pitch of the
second reference grating 312 adjacent to the second grating.
For this structure, the observed shift between the fringes of
the two interference patterns 412 1s given by Equation (4):

AX=Ax $A tofal (4)

According to one embodiment, the four pitches for the four
gratings may be chosen such that the amplification of one
interference pattern 1s positive and the amplification of the
other interference pattern i1s negative. For example, 1f the
amplification of the first interference pattern 306 1s five
times, and the amplification of the second interference
pattern 406 1s negative five times, then the amplification of
the overall structure would be 10 times. The values of the
various gratings are chosen to produce this result. In this
example, an observed shiit in the interference pattern of ten
nanometers would correspond to an actual overlay error of
1 nanometer, since the amplification is five times for each of
the 1interference patterns 306 and 406. The observed overlay
can be measured between the peaks 308 of the interference
pattern 306 and the peaks 410 of the reference interference
pattern 408.

In FIG. 4B the overlay 1s zero, since the peaks 308 and
410 are pertectly aligned. In FIG. 4C, there 1s some overlay
error. This observed overlay can be measured. For example,
the distance 412 between the peaks 308 of the first interter-
ence pattern 306 and the peaks 410 of the second interfer-
ence pattern 408 may be 40 nanometers. If the amplification
A of the interference pattern 306 1s positive five times, and
the amplification of the interference pattern 408 1s negative
five times, then the total amplification, A, . ,, would be ten
times. Using equation (2), 1t can be determined that the
overlay 1s four nanometers. The advantage ol using the
second interference pattern 408 1s that that 1t significantly
increases the amplification over using the reference mark

404.

An advantage of embodiments of the current invention 1s
that the interference pattern 306 1s imaged onto a relatively
large fraction of the pixels forming the CCD array. As such,
a large portion of the CCD array 1s used to extract the
overlay information. In contrast, 1n conventional techniques
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6

overlay information 1s contaimned only in feature edges,
which 1n turn are captured by a relatively small number of
pixels on the CCD array. Thus, 1n the conventional method,
most of the pixels in the CCD array provide no usetul
overlay information.

FIG. 5 1s a flow chart describing a process for producing,
the interference pattern. In block 3502, the first reticle 1s
printed. The first reticle including the first grating 302 are

printed on the water as resist lines. The pattern may be

printed using photolithographic processes as described
above. In block 504, the pattern of the first grating 302 is

ctched 1nto the water. The pattern may be etched using any
conventional etchant as 1s appropriate for the application.

In block 506, the second reticle 1s printed. When the
second reticle 1s printed, the second grating 304 1n the
second reticle 1s printed so that the printed grating 304 at
least partially overlaps the printed first grating 302. The two
grating patterns are superimposed, producing an interference
pattern. The first grating 1s pattern etched into the watfer, and
the second grating 1s a series of resist lines.

In block 508, the overlay 1s measured. The observed
overlay can be measured using microscopes including
CCDs. For example, 1if a CCD had 80 nm pixels, and the
pitches chosen resulted i an amplification of ten times, a 2
nm overlay would result 1n a shiit in the peaks 412 o1 20 nm.
The 20 nm shiit 1s equivalent to 14 of a pixel of the CCD,
which 1s much easier to detect than when using conventional
alignment marks (where the same overlay would result 1n
only produce a pixel shift of 40 of a pixel, since there 1s no
amplification). The actual overlay can then be determined
using the equations as described above.

FIGS. 6 A, B, and C illustrate a technique for determining
an overlay from an interference pattern. FIG. 6A 1llustrates
an 1nterference pattern 602 that was produced using the
method described above. FIG. 6B illustrates the interference
pattern 602 reduced to a one-dimensional intensity profile
604, obtained by averaging the interference pattern 602 1n
the direction parallel to the grating openings. FIG. 6C
illustrates a cosine graph 606 fitted to the one-dimensional
intensity profile 604. The cosine graph 606 can be deter-
mined using the following equations. First, the period of the
interference pattern, 1, 1s determined using equation (3):

(3)

The cosine graph 606 1s defined by equation (6):

CDS(Z—;X + cgﬁ] (6)

where x 1s the distance i1n the direction of the measurement,
and ¢ 1s the phase shift. Since the period T 1s determined
using the pitches of the gratings, the fitting of the cosine
graph 1s accomplished by varying ¢.

A shift 1n the interference pattern of one period must
induce a 2w phase shift. As a result, the phase shift can be
given by the following equation:
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(7)

The phase shift of the equation can be used to determine the
overlay error. If equations (1) and (7) are substituted into
equation (2), the following equation results:

(8)

The overlay error can be determined using equation (8). As
can be seen, one needs only the pitch of the second grating,
and the phase shift of the fitted cosine graph 606 to deter-
mine the overlay of two printed layers.

The cosine graph 606 and the interference pattern 602
have a repeating period. As a result, the measured overlay
error may correspond to more than one actual overlay error.
FIG. 7 illustrates a graph 700 that shows the periodic nature
of measured overlay errors. As shown 1n FIG. 7, using a first

grating having a 300 nanometer pitch and a fifty percent duty
cycle, and a second grating having a 320 nanometer pitch
with a fifty percent duty cycle, an amplification of 15 times
1s achieved. As can be seen, the two gratings are capable of
indicating an overlay error of plus or minus 150 nanometers.
This range can be expanded or contracted by altering the
grating measurements to change the amplification. For
example, a process requiring less precision may need a
larger window of possible overlay errors, and therefore less
amplification. Conversely, a process requiring more preci-
sion may need a smaller window to improve the resolution,
and therefore more amplification.

FIGS. 8A, B, C, and D 1illustrate an alternative embodi-
ment of the imvention using an alternate grating. The grat-
ings shown i FIGS. 8 A-8D may be used interchangeably
with the gratings 302 and 304 described above. The tech-
niques for determining the shift of the interference pattern
are also applicable with this alternative embodiment.

FIG. 8A illustrates a grating 802 including an array of
contacts. The grating 802 may be used 1n one of the reticles
as described above. FIG. 8B illustrates a linear grating 804.
The linear grating 804 may be used in the other reticle as
described above. The grating 802 may be used when align-
ing a line/space layer to a contact layer, or vice-versa. This
may be useful when measuring metal-to-contact/via overlay
(and vice-versa).

Printing the two patterns 802 and 804 may produce the
interference patterns 806 and 808 shown 1in FIGS. 8C and
8D. The interference pattern 806 results from the gratings
being perfectly aligned (1.e., there 1s no overlay error). The
interference pattern 808 results from the gratings 802 and
804 being misaligned by 2 pixels (e.g., 160 nm). The shait
in the interference pattern can be measured using the same
techniques described above. For example, a cosine graph
can be fitted to the light and dark areas of the interference
pattern 808, and the phase shift in the cosine pattern,
combined with the pitch of the grating 804, can be used to
calculate the actual overlay error.

The processes and techmiques described regarding the
current mvention can be utilized using the same measure-
ment devices currently available. Since the measured over-
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lay error 1s amplified and much larger than previously
available, the dependence on precision measurement devices
1s lessened.

This mmvention has been described with reference to
specific exemplary embodiments thereof. It will, however,
be evident to persons having the benefit of this disclosure
that various modifications changes may be made to these
embodiments without departing from the broader spirit and
scope of the invention. The specification and drawings are
accordingly to be regarded in an illustrative rather than 1n a
restrictive sense.

The mvention claimed 1s:

1. A method for measuring an overlay between a first
reticle and a second reticle comprising:

printing a {irst pattern of the first reticle onto a substrate;

ctching the first pattern into the substrate;

printing a second pattern of the second reticle onto the

substrate, wherein the second pattern partially overlaps

the first pattern and the printing the second pattern

generates an interference pattern on the substrate;

generating a reference mark adjacent to the interference
pattern, wherein generating the reference mark com-
Prises:
printing a third pattern of the first reticle onto the
substrate, wherein the third pattern 1s adjacent to the
first pattern;
etching the third pattern into the substrate; and
printing a fourth pattern of the second reticle onto the
substrate, wherein the fourth pattern 1s adjacent to
the second pattern, wherein the fourth pattern par-
tially overlaps the third pattern to generate a second
interference pattern; and
measuring a shift in the interference pattern to determine
the overlay, wherein measuring the shift in the inter-
ference pattern comprises comparing a first position of
a first peak of the interference pattern to a second
position of a second peak of the second interference
pattern.
2. The method of claim 1, further comprising:
generating the first pattern of the first reticle, wherein the
first pattern 1s a first grating having a first pitch; and

generating the second pattern of the second reticle,
wherein the second pattern 1s a second grating having
a second pitch different from the first pitch.

3. The method of claim 1, wherein printing the first and
third patterns comprises printing resist lines, and wherein
printing the second and fourth patterns comprises printing
resist lines.

4. The method of claim 1, wherein the interference pattern
1s a Moire 1nterference pattern.

5. The method of claim 2, wherein the first and second
pitch are chosen to give an amplification of between five and
twenty times.

6. A method for measuring an overlay between a first
reticle and a second reticle comprising:

printing a {irst pattern of the first reticle onto a substrate;

ctching the first pattern into the substrate;

printing a second pattern of the second reticle onto the

substrate, wherein the second pattern partially overlaps
the first pattern and the printing the second pattern
generates an interference pattern on the substrate;
generating a reference mark adjacent to the interference
pattern; and
measuring a shift in the mterference pattern to determine the
overlay, wherein measuring the shiit in the interference
pattern comprises:
fitting a cosine graph to the interference pattern;
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determining a phase shiit of the cosine graph; and

determining the overlay from the phase shift of the cosine
graph.

7. The method of claim 1, wherein one of the interference
pattern and the second interference pattern has a positive
amplification, and wherein the other of the interference
pattern and the second interference pattern has a negative
amplification.

8. An apparatus for determining an overlay of photolitho-
graphically patterned layers comprising:

a first grating of a first reticle having a first pitch;

a second grating of a second reticle having a second pitch
positioned such that when the first and the second
reticles are used to pattern a substrate, a second 1image
produced by printing the second grating onto the sub-
strate partially overlaps a first image produced by
printing the first grating onto the substrate followed by
ctching the first grating into the substrate, and the
second 1mage produces an interference pattern on the
substrate that can be used to determine the overlay;

a third reference mark grating on the first reticle adjacent
to the first grating; and

a fourth reference mark grating on the second reticle
adjacent to the second grating, and wherein when the
first and the second reticles are used to pattern the
substrate, a fourth image produced by printing the
fourth reference mark grating onto the substrate par-
tially overlaps a third image produced by printing the
third reference mark grating onto the substrate followed
by etching the third reference mark grating onto the
substrate, and the fourth image produces a second
interference pattern that can generate a reference for the
interference pattern,

wherein one of the interference pattern and the second
interference pattern has a positive amplification and
wherein the other of the interference pattern and the
second interference pattern has a negative amplifica-
tion.

9. The apparatus of claim 8, wherein the first pitch and
second pitch are chosen so that the interference pattern has
an amplification of between five and twenty times.

10. The apparatus of claim 8, wherein the interference
pattern 1s a Moire interference pattern.

11. The apparatus of claim 8, further comprising:

a light source to expose the first and second reticles;

a substrate including a layer of photoresist, wherein the

first and second reticles are alternately placed 1n
between the light source and the substrate.
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12. The apparatus of claim 8, wherein a shift in the
interference pattern 1s measured to determine the overlay.

13. The apparatus of claim 12, wherein the overlay error
1s measured using a microscope including a charge-coupled
device (CCD).

14. The apparatus of claim 8, further comprising a first
pattern on the first reticle to pattern a first layer on a substrate

and a second pattern on the second reticle to pattern a second
layer on the substrate.

15. An apparatus for determining an overlay of photo-
lithographically patterned layers comprising:

a substrate:

a first reticle over the substrate including a first grating,
and a first reference mark grating adjacent to the first
grating;

a light source to project light onto the substrate through
the first reticle to print the first grating on the substrate;

a second reticle that may replace the first reticle over the
substrate including a second grating and a second
reference mark grating adjacent to the second grating
such that when the second grating 1s printed at least
partially over the first grating on the substrate an
interference pattern 1s generated to measure an overlay
error between the first and second reticle, and when the
second reference mark grating 1s printed at least par-
tially over the first reference mark grating on the
substrate a second interference pattern 1s generated to
measure a shift in the mterference pattern; and

a reference mark on at least one of the first or second
reticles adjacent to either the first or second gratings.

16. The apparatus of claim 15, whereimn the interference
pattern 1s a Moire interference pattern.

17. The apparatus of claim 15, wherein one of the
interference pattern and the second interference pattern has
a positive amplification, and wherein the other of the inter-
ference pattern and the second interference pattern has a
negative amplification.

18. The apparatus of claim 15, wherein the overlay 1s
determined by measuring a first phase shift of the interfer-
ence pattern relative to a second phase shift of the second
interference pattern.
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